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Introduction
Interactions between divalent metallic ions and tetracycline (TC) are frequently used in order to explain the antibiotic properties of these latter compounds [1, 2] . However, the mechanism of formation and the structure of these complexes are not yet well understood. As discussed in a recent study [3] , several sites of chelation are possible in a tetracycline molecule (1) : oxygen atoms at positions C(ll) and C (12) , oxygen atoms at positions C (10) and C(ll), and substituents at positions C(l), C(2), and C(3).
2
* Reprint requests to Prof. M. Geoffroy. 0340-5087/83/0700-0830/$ 01.00/0 Thirty years ago it was postulated [4] that tetracycline can form 2:1 (TC:Cu(II)) complexes. A recent ESR study [3] of dimethyl sulfoxide solutions containing tetracycline and Cu(II) was consistent with this hypothesis and suggested an important complexing role for the 0(11) and 0 (12) atoms.
In the present work, we report the ESR study of acetyltetralone (ATL) the tautomeric form 2 of which can appear as a model for the chelation of the site C(ll), C(12) in 1. Acetyltetralone and tetracycline exhibit some similar biological properties and Nickell and Gordon [5] have postulated that chelation plays a dominant role in the effect of these compounds on plant growth.
As the maximum information about the structure of a paramagnetic complex is obtained by ESR w 7 hen this complex is diluted in a diamagnetic single crystal matrix, we have performed the following experiments: i) determination, by X-rays diffraction, of the crystal structure of pure acetyltetralone ii) doping of single crystals of acetyltetralone with Cu(II) complexed acetyltetralone molecules iii) determination of the g-tensor and of the 63 Cu magnetic and quadrupolar hyperfine tensors iv) comparison of the orientation of the corresponding eigenvectors with the crystallographic bond directions.
Experimental
2-Acetyl-a-tetralone was a commercial compound (ALDRICH) which was purified by crystallization.
Single crystals were obtained by slow evaporation of a solution in methanol. Lattice parameters and diffracted intensities were measured at 210 K on an automatic four-circle Philips PW 1100 diffractometer with monochromatic MoKa radiation. A data set of 1890 independant reflections having IFo| ^ 2 a (Fo) and |Fo| ^ 5 were considered as being observed. The structure was solved by direct methods (MUL-TAN 74 [6] ) and all hydrogen could be located in a A F synthesis calculated at an intermediate stage of resolution. The convergence of least-square refinement (full matrix, X-RAY System [7] ) was obtained for the final R value of 0.070.The calculations were carried out with anisotropic temperature factors for non-hydrogen atoms and isotropic terms forH.
Cu(II) doped single crystals of acetyltetralone were obtained by slow evaporation of a solution of acetyltetralone in methanol containing a small amount of copper nitrate (CUNO3: ATL = 1/1000 molar). These crystals were studied on a VARIAN E-9 ESR spectrometer (X-band, 100 KHz field modulation) by using a previously described goniometer [8] which allows rotation of the crystal in the different principal planes. For each spectrum, the magnetic field was calibrated with an NMR marker and the klystron frequency was measured via a transfer oscillator (Hewlett Packard 200 B) and a Racal frequency meter.
Results

Crystal structure
The cell parameters are: a -8.893(5), b = 20.301(6), c = 10.715(2) Ä, the space group is Pbca, Z = 8, /u = 0.913 cm -1 . The atomic coordonates are shown in Table I and the bond lengths and bond angles are given in Table II . The C(l)-C(2) length Table I . Final positional and thermal parameters ( X 10 4 ).
2602 (4) 5588 (1) 
1.391 (7) 0(6 -C(5)-C(10) 120.6 C(7)-C (8) 1.383 ( clearly shows that these two carbon atoms are doubly bonded and that the cetoenolic tautomer which has crystallized is 3:
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The atoms C(l), C(2), C(3) and C(ll) are coplanar (maximum deviation from the least squares plane: 0.009 Ä). In fact the atomic coordonates indicate that two main planes are present in the molecule: i) the aromatic plane corresponding to the phenyl ring ii) the plane containing all the other atoms except C(4) and two methyl protons. Geometric data for 0(1)-H and 0(2) are in accordance with an intramolecular hydrogen bond between the hydroxyl and the ketone group: 0 -0 = 2.472(4) Ä, O-H-O = 147.5°, O-H = 1.201(7) Ä.
As two acetyltetralone molecules are involved in the formation of a square planar Cu(II)-complex, it is appropriate to consider the molecular arrangement between two neighbouring molecules related by the (0, 2, 0) inversion center. The four coplanar oxygen atoms form a parallelogram, the diagonals of which respectively measure 5.283 Ä and 4.116 A and form a 62° angle.
ESB
An idealized single crystal of acetyltetralone is shown in Fig. 1 together with the ESR reference system and the crystallographic axes. An example of an ESR spectrum obtained with a Cu(II) containing single crystal is shown in Fig. 2 . For an reference axes. arbitrary orientation of the magnetic field four nonequivalent paramagnetic sites are present, each site exhibits interaction with a 63 Cu and a 65 Cu nucleus. In accordance with the crystallographic structure of the non-doped crystal, the angular dependence of the ESR spectra show that these sites are related by reflection through the reference planes. The angular dependences of the signals are analyzed by using the usual Hamiltonian: § = £HgS + gN£NIH + STI + IPI The four terms correspond, respectively, to the electronic Zeeman effect, the nuclear Zeeman effect, the 63 / 65 Cu-magnetic hyperfine interaction and the 63/65Qu quadrupolar interaction. For some orientations forbidden transitions (Mi = ±1) are clearly observed and their detection is imperative for the determination of the quadrupolar interaction. The g tensor and the magnetic and quadrupolar hyperfine tensors are obtained by using a previously described optimization method which takes the difference (direct diagonalization -2nd order perturbation) into account [9] . These ESR tensors are given in Table III . 
Discussion
The fact that the angular variations of the ESR lines are in accordance with the symmetry properties of the host crystal shows that the paramagnetic species really occupies a specific place in the crystal lattice and is not adsorbed at the surface or randomly trapped in interstitial defects. This species is obviously the result of the chelation of the Cu(II) ions by the acetyltetralone molecules in the methanol solution at high (ATL/Cu(II)) ratio. The corresponding complex is then incorporated in the acetyltetralone lattice during the crystallization of this compound.
The g and 63 Cu-magnetic tensors given in Table III are characterized by an axial symmetry. The two directions gmax and 63 Cu-T// are aligned and the eigenvalues are quite similar with those previously reported for some square planar Cu(II)-complexes (Table IV) . Such a square coplanar stereochemistry is perfectly consistent with the fact that acetyltetralone is capable of 7r-bonding to the Cu(II) ion [14] . The complex is therefore of the (ATL)2Cu type, the unpaired electron belongs to a 3d2:2_2/2 copper orbital and the gmax and T,, are expected to be oriented perpendicularly to the plane of the ligands.
From the crystal structure it is clear that the most suitable site for the incorporation of a chelated Cu(II) ion is the (0, 1 /2, 0) position. This site indeed corresponds to metal-oxygen distances which are consistent with a square planar complex. However, such a situation does not correspond to a perfectly planar environment for the metal ion. Although the five atoms 0(1)C(1)C(2)C(11)0(2) are coplanar, the normal v to this plane forms a 45° angle with the normal ii to the plane containing the four oxygen atoms (Fig. 3) . In these conditions, the conformation of the complexed acetyltetralone molecule must be slightly different from that found by X-rays diffraction for the pure compound. In fact, this difference is revealed by the 15° angle formed by the 63 Cu-T// direction and the n direction. It is Fig. 3 . ORTEP drawing of the two acetyltetralone molecules related by the (0, l /2, 0) inversion center, it is the normal to the plane containing the four oxygen atoms, v is the normal to the plane O(l), C(l), C(2), C(ll), 0(2). T" is the eigenvector corresponding to the maximum 63 Cu-magnetic hyperfine coupling. then probable that, in the crystalline matrix, the (ATL)2CU complex experiences some constraint which can slightly affect its structure. This slight distortion does not have any affect on the g and 63 Cu magnetic tensors, but however it gives rise to a quadrupolar asymmetry parameter rj -0.6 which is appreciably higher than those usually found for square planar /5-ketoenolates (Table IV) .
In conclusion, the present work gives clear evidence that a square planar (ATL)2 Cu complex is formed, in methanol solution, at high (ATL/Cu(II)) ratios. This result agrees with the existence of a (TC2CU) complex in which the metal ion is chelated by the oxygen atoms in position C(ll) and C (12) .
